
P r e d i c t i o n  o f SO, E x i s s i o n s  

'The r c t .  : i t i c .n  of  s u l f u r  i n  l i g n i t e  f l y  a s h  i s  d ~ c  t o  the prese i2ce  o f  
: i l k . c a l i  cons t  : t u c i - i t s  :uch a s  c a l c i u m ,  r n z g i > ~ s i t ~ m ,  s c d j u m ,  and potzssii : :! i  i n  r e s c -  
t i v c  form.  Calcii im and sodium s u l f a t e s  have  been  i d e n t i f i e d  i n  s i g n i . f j c a n t  
c o i - i c e c t r z t i c n s  i n  l<:;nj t e  f l y  a s h  b y  X - r a y  d i f i r a c t i o n .  1 : z t ~ ~ r - s o l u b i  l i t y  
: toichi.ci; . ,etric d a t a  .;ngges:ts a l l  s o l u b l e  sodium and potzsssil : . . i  i n  t h e  f l y  a s h e s  
: r e  p r e s e n t  2s  sulfates, b u t  only a poi-tii.:n o f  t h e  c o l ~ ! b l c  cz1cjlu::i i s  a s  s u l -  
f a t e .  T h e  v s t c r  s o l !  5 i l i t y  o f  c-zgnesiuril i n  t h e  f l y  a s h  i s  h i g h l y  pH - , e n s i t i v e ,  
ar,d s u l f a t e  i n  sc'1.*Jriiln does n o t  i n c r e e s e  2s  xagrwsium (li .ssolut.5 >i l  i n c r e a s e s  
w i t h  lowered p l l ,  : : ugg i s t ing  t h e r e  i s  l i i t l e  >lgS04 i n  a typic; . !  l i g n i t e  f l y  a s h .  
S i n c e  potass i -um i s  g e n e r a l l y  p r e s e n t  i n  lig,ni t -es  i n  v e r y  s i n a l l  amoun t s ,  t h e  
a l k a l i s  most  r e s p o n s i b l e  f o r  93, r e t e ! ? t i o n  i n  l i g n i t e  f1.y a s h  a r e  c a l c i . u n  and 
s o d i urn. 

K o t  a l l  c a l c i u m  a n d  so2ium i s  a v s i l a b l e  f o r  r e a c t i o n  :-iith SO,. E l e c t r o n  
ni i r i -oprobc s -ca lyses  of j . nd iv idua1  f l y  ash p a r t i c l e s  have  j n d i c a t e d  a s i g n i  f i -  
c a u t  Car and Sa,O c o n c e n t  i n  icost  glass:y s i l i c a t e  and nlui::'nurn s i l i c a t e  p a r -  
t - i c l e s  appea r i . ng  i n  l i g n i t e  f l y  2.11. I l i c S e  p s r t i c l e s  r c , s u l t  from i n t i m a t e  
c o n t a c t  of v e r y  f i n e  s i l i c a  and c l z y  v i tb l  c , r g a n i c a l l y  bc,und c a l c i u m  and s o d i u m  
i n  b u r n i n g  c o a l  p a r t i c l e s .  This t;;pe cf p z r t i c l e  accc junts  f o r  t h e  s i g n i f i c a n t  
f r s c t i o n  of  c a l c i u n  and sod i i ln ,  whici? r e - z i n s  i n s o l u b l e  i n  ~ . . - z t e r ,  cryren i n  solu- 
t i o i ! s  h a v i n g  101.7 pH. I t  i.s t j e l i e v e d  :.!:st the a l k a l i  appcai : jng i n  t h e s e  i n s o l -  
u b l i !  g l a s s y  p s i - t - i c l e s  i s  n o t  r e a c t i v e  to::.ards SO,. 
inhcrent i n  t h e  a s h  c o u l d  'ac e x p s c t c d  ; i r  r educe  t!ie f r 2 c . i  i u n  of  t h e  a s h  t11at 
i s  c c t i v e  i n  SO, p ick i ip .  

Tlii ls  c : i l i c a  and r l a y  

F i e l d  t e s t  d a t a  from p c - f i r e d  i i c i t s  yL,.i-:re exarnlned i i s i i g  s t a t i s t i c a l  
1-cgrrcssion t o  de te rmi : ie  v h e t ' r c r  corri.1 E t i  :IS e x i s t e d  beti;?<?clI a s h  c o n p o s i t i o n ,  
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FIG!JF<Li 5 9 ,  - Predicted versus actual  s u l f u r  emission 
(S,E.) for pc-fired p l u n t s .  

w i t h  c l a y ,  b c r  X l , @  l;;:~.:?d 
r i ?ac t  nw:..: r ? c . $ i l y  w i t ? i  s i l -  
i c a  a s  ix: :? l&nisn f o y  dec::ezs- 
i n g  a l k a l i  r e x t i v i t y .  

i s  r e l a t a b l e  t o  a f i r s t - o r d e r  a l k a l i  s u l f u r  r e a c t i o n  schei:ie 

In f i g u r e  59 ,  s o m  d a t a  r iot  i n c l u d e 1  i n  the  rezr ; ,ss ion aL-2 plot :e , '  
These  a re  d a t a  f o r  1 9 7 2  Hoot Lake, Beuldi  l i g n i t e  t e s t s .  A l i .  o the r :  p o i n t s  OF 
thc. p l o t  were u s e d  t o  ds-velop t h z  r e l a t i o n s h i p . .  T h e  c o r c e 1 , i t i o n  e x p l a i n s  d a t < i  
f ron  t h e  Hoot Lake t e s t s  a s  well a s  t h o s e  o r i g i r a l l y  incluc!ed i n  t h e  
r e g r e s s i o n .  

E f f e c t  o f  Sodi4:rn on SO2 Cnissions 
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l o c s t j c n s  i n  t h e  b o i l e r  f o r  
L~,lei;lj c a l  c;nd pt l ) -s ical  analy.-  
s c s .  "ns5~1 .  ts  of cl- -mica1 

FIGLIRE 6 , ~ .  - Ef fect  o f  sodium content i n  l igni te  on 5 3 2  
err,issions, :-!sat ILcke tests, 1972. 

- j n a l y s i s  o f  se l ix  t e d  a s h e s  
fror.1 t;-!e -:.:.ious b o i l e r s  a r e  s h u ~ m  i n  t a b l e  8 .  F l j i  a s h  s;cplcs fi:om b o t h  t-l-\e 
Le! 2nd O l d s  and Hoot J.nke p l a n t s  wcli-e c o l l e c t e d  d u r i n g  s p e c i a l  tests i n  v h i c h  
a , . : i l o t  e l c c t r o s t a t l c  p r e c i p i t a t o r  was o p c r a t i n g  on a s i d e  s t rea i? i  of f l u e  g z s .  
I n  botih cases ,  t.he c l e c t r o s t a t i c  p r e c i p i t a t o r  d u s t  i s  c o n s i d e r ~ b l y  e n r i c h e d  i n  
SO? a s  compsrred w i t h  t h e  c y c l o n e  d u s t  c o l . l e c t o r  sa?.iple. I n  t e s t s  c o n d u c t e d  a t  
t h e  Eicil:: L a k e  p l a n t  i n  1965-66 ,  f o u r  sodium l e v e l s  j i i  t-he l i g l i i t c  were : . t u d j c d ,  

each  c a s e .  1k.c SO, c o n t e n t s  of a s p i r a t e d  ash r ; ;ngcd f rom 6 . 8  p c t  wi.tli t h e  
1Oi,:c2St sodium l i g n i t e  t o  28.3 p c t  w i t h  t h e  hig! :es t  sodium l i g n i t e .  
h igh-sodium t e s t s ,  c - o n c i d e r a b l e  z sh  wc",s b e i n g  r e t a i i i c d  i u  t h e  f~ l - -n ; t cc  brcnusc 
of  b o i l e r  f # . : u l i n g .  

ciL1l .-- 7 f l y  a s h  .an:;:les a s p i r a t e d  froin t h e  f l u e  g a s  ahec-.d o f  the a i r  h i - ,> te r  i n  

Daring tI:e 
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pc -i" 1p.2; TC- < :j'- - -I __ __-- ..-)+S_. 
Hoot Lake p l a n t ,  6 /12 /70 :  

I k c h a n i c a l  dust c o l l e c t o r .  . . . . . . . . . . . . . . . .  
Pi1.0: e l e c t r o s t a t i c  p r e c i p i t a t o c . .  . . . . . . . .  

Le?a.:d O:<?S plar) . t ,  8 / 2 2 / 7 0 :  
PIechani ;a1 du.G'_ c o l l e c t o r .  . . . . . . . . . . . . . . . .  
P i l o t  e l e c t r o s t a t i c  p r e c i p i t a t o r  . . . . . . . . . .  

Hoot Lak: p l a n t ,  1-365-1966: S a q 7 l e s  a s p i -  
r a t e d  frGm b o i l s r  e x i s t  d a s  t : 

Test  1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Test 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T e s t  3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Tt?.;t I, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . -. _.__I__-- ~ _ __  
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F l y  Ash  Size D i s t r i b u t i o n  
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L o w  sc2i t im, 1. jP i n l e t  
hopper, A S V E  

t i i q h  sodium, ESP i i i i e l  

Fly c1.1) o:.oljsis, p c t  

1'c.k s o d i u m  h i g h  s o d i b m  

sio, 2 1.7 2 I .  I 

AI,O, 14.5 i 3.0 

Fe,O, 11.8 9 . 6  
Ca 0 29.3  75 .4  

M90 13.8 8.9 

Fe,O, 11.8 9 6  
Ca 0 29.3  75 .4  

M90 13 8 8.9 
No,O 1.4 6.9 
503 5 .  I 9.9 

coo + h!g0 
6 6  ____._- 

No,O + SO, 
2.0 

I00 2 00 300 4 00 500 6 cic) 700 s 00 
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FIGURE 63. - Effect of 5od:urn content cn t i  icol resisl ivity of Iigiiile f l y  osh. 



The EISSS n?ediatt s i z e  f o r  t h e  c y c l o z e - . f i r 2 d  b o i l c r  b . 1 2 ~  1 8 . 5  w i t h  3 3  p c r  
b2lo:yl 10 Ern and f o r  t h e  p c - f i r e d  bcilsr ti-!% ccss rr,eitian s i z e  w2.s 7 . 8  uni w i t h  
5 4  p c t  below 10 urn. I t  s h o u l d  b e  ni l ted t h a t  the c y c l o n e - f i r e d  b o i l e r  was 
b u r n i n g  a v z r y  low s o d i u n  c o a l  d u r i n g  t h e s e  tes - ; '_s ,  and  i t  i s  possible t h e t  
increase. .?,  v o l a t i l i z a t i o n  mi .g \~ t  increase tile f in . ?  f r A c t i o 3  i f  h i g h  a l k a l i  l i g -  
ni. t e s  were u s e d .  

A;I i n p o r t a r l t  f a c t o r  a f f e c t i n g  t h e  s ? e c t r o s t a t i c  p r e c i p i t a t i o n  of f l y  a s h  
i s  t h e  e l 2 c t r i . c a l  r e s i s t i v i t y  of  thi: a s h .  A s e r i e s  o f  l a b o r a t o r y  r e s i s t i v i t y  
te:;ts was r u n  on tti? f l y  ash fror.1 a n!*gher  o f  l o w - s u l f u r  western c o e l s  w i t h  
t h s  b a s i c  d a r ?  p r e s e n t e d  p r s v i o u s l y . 3 "  A s o n p u t e r  s t n d y  i n d i c a t e d  t h a t  t'ne 
r a t i . 0  (CzO -t X g O ) / ( X a , O  -+ S O , )  i n  the fly a s h  153s ;:hc b e s t  i r td ic -a tor  o f  r e s i s  
t i - . < i t y  f o r  t h o s e  s a m p l e s ,  w i t h  r e a i s t i - . ; t y  varyi.ng d i r e c t l y  a s  t i i f  r a t i o .  

For  tttc p a s t  few y e a r s ,  t h e  Bclre;..u o f  N i n e s  h a s  collscted d a t a  on s t a c X  
eriiissi.03~ from v a r i o u s  l i g n i t e - f i r e d  p n w e r p l a n t s .  I n c l u J e d  we4 ..' tes  t.s on 
p c - f i r e d ,  c y c l o n e - f i r e d ,  and s p r e a d e r - s t o ~ ~ e r - f i r e d  to i1e i . s  o p e ~ ~ i t i n g  on l i g -  
n i t e s .  Eiost ern?hasis was on :he s t u d y  o f  SO, e!ni.ssions and  her..: t h s y  r e l a 5 2  t o  
i i ipi . i t  s u l € u r  l e v e l ,  f i r i n g  nethod,  a s h  a n z l y s i s ,  ar?d o t h e r  fac:,irs. Liii ; iL2<! 

d a t a  w3s c o l l e c t e d  on NO, emissicw from t'ne v a r i o i i s  p1a:ttr;. Cheinical  aric! 
p h y s i c a l  p r o p e r t i e s  of  f l y  ash  a s  a f u n c t i o n  of f i  .ins method were dettrrai.acc1, 
and e l e c t r i c a l  r e s i s t i v i t y  s t u d i e s  of t h e  f l y  a s h e s  were mat!?. X m c t t t o d  i s  
give!l  f o r  c a l c u L a t i n S  SO, a r d  >'Ox en i s s io i . .  l e v e l s  a n ~ l  pticei1.t of inix..tt  S U I  f u r  
em:.rLed as SO, w i t h o u t  kRc)xit!g t h e  w. . ights  of c o a l  t,:.irned oi- f1tl.e g..:s pr,: ' : c v : ~ .  

Tile p r i n c i p a l  c o n c l u s i o n s  a r e  t h e  folloc,Jirtg 
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